Studies on the inhibitory effects and inhibitory mechanisms of inhibitors on the activity of Mushroom Tyrosinase by 郭云集
学校编码：10384                                     分类号      密级        




  硕士  学  位  论  文 
                                           
效应物对蘑菇酪氨酸酶的抑制作用及其抑
制机理的研究 
Studies on the inhibitory effects and inhibitory mechanisms 
of inhibitors on the activity of Mushroom Tyrosinase  
郭云集 
指导教师姓名：陈清西 教授   
       专  业 名 称：生物化学与分子生物学 
论文提交日期：2008 年 5 月 5 日 
论文答辩时间：2008 年 5 月 29 日 
学位授予日期：2008 年   月   日 
  
答辩委员会主席：  黄耀坚   
评    阅    人：           
 























                声明人（签名）: 

























  1、保密（ ），在   年解密后适用本授权书。 




作者签名：      日期：2008 年 5 月 20 日 




























1. 1. 1 黑色素与黑色素细胞...............................................................................14 
1. 1. 2 黑色素合成途径......................................................................................15 
1. 1. 3 黑色素的作用以及异常表达的影响......................................................16 
1.2 酪氨酸酶...............................................................................................................17 
1. 2. 1 酪氨酸酶概况...........................................................................................17 
1. 2. 2 酪氨酸酶的结构......................................................................................16 














































4.1.4.2 对苯二甲酸(D3)对酪氨酸酶抑制机理的判定 .....................................45 
















































4.2.2 α-羟基酸 ...................................................................................................110 
4.2.2.1 α-羟基酸对酪氨酸酶二酚酶活力的抑制作用 ....................................110 
4.2.2.2 甘醇酸（L1）对酪氨酸酶抑制机理的判定 ......................................112 
4.2.2.3 甘醇酸（L1）对酪氨酸酶抑制常数的测定 ......................................113 
4.2.2.4 甘醇酸对酪氨酸酶单酚酶的作用.......................................................114 
4.2.3 防腐剂......................................................................................................115 


























































Chinese Abstract .....................................................................................10 
English Abstract......................................................................................12 
1. Introduction 
1.1 Formation of melanin ............................................14 
1.1.1 Melanin and melanocyte..........................................14 
1.1.2 Progress of formation of melanin ...................................15 
1.1.3 Functions of melanin and the effects of abnormal production .............16 
1.2 Tyrosinase......................................................17 
1.2.1 Introduction of tyrosianse.........................................17 
1.2.2 Structure of tyrosinase ...........................................17 
1.2.3 Catalysis mechanism of tyrosianse..................................19 
1.3 Backgrounds of inhibitors of tyrosinase ...............................19 
1.3.1Aromatic aldehyde...............................................20 
1.3.2 Aromatic acids .................................................21 
1.3.3 Hydroxyl compounds ............................................22 
1.3.4 Indicans.......................................................25 
1.3.5 heteroatomic ring compounds......................................26 
1.3.6 Natural active compounds ........................................27 
1.4 Application of tyrosinase inhibitors in cosmetics ........................28 
1.5 Significance and contents of this research ..............................29 
2. Reagents and instruments 
2.1 Reagents ........................................................30 
2.2 Instruments ......................................................32 
3. Methods 
3.1 Synthesis of acrylic acid compounds ..................................32 















3.3 Assay of inhibitory mechanism of effects on mushroom tyrosinase ..........34 
3.3.1 Assay of effects on the monophenolase activity by compounds............34 
3.3.2 Assay of effects on the diphenolase activity by compounds...............34 
3.3.3 Inhibitory mechanisms of inhibitors on the activity of tyrosinase ..........35 
3.3.4 Inhibitory types and inhibitory constants of inhibitors on the activity of 
tyrosinase .....................................................35 
4. Results 
4.1 Screening inhibitors and studying the inhibitory mechanisms ...............36 
4.1.1 4-hydroxybenzoic acid esters ......................................36 
4.1.1.1 Inhibitory effects of 4-hydroxybenzoic acid esters ....................36 
4.1.1.2 Inhibitory mechanisms of 4-hydroxybenzoic acid esters................37 
4.1.2 Derivatives of salicylic acid........................................40 
4.1.2.1 Inhibitory effects of derivatives of salicylic acid......................40 
4.1.3 phenylene diamine ...............................................41 
4.1.3.1 Inhibitory effects of phenylene diamine ............................42 
4.1.4 phthalic acid....................................................43 
4.1.4.1 Inhibitory effects of phthalic acid .................................44 
4.1.4.2 Inhibitory mechanisms of terephthalic acid..........................45 
4.1.4.3 Determination of inhibition constants of terephthalic acid ..............46 
4.1.5 Furan compounds................................................48 
4.1.5.1 Inhibitory effects of furan compounds..............................48 
4.1.5.2 Inhibitory mechanisms of furan compounds .........................49 
4.1.5.3 Determination of inhibition constants of furan compounds..............52 
4.1.6 2-phenylacetaldehyde, 2-phenylacetic acid, 2-phenylethanol ..............55 
4.1.6.1 Inhibitory effects of 2-phenylacetaldehyde compounds ................56 
4.1.6.2 Inhibitory mechanisms of 2-phenylacetaldehyde compounds ............56 
4.1.6.3 Determination of inhibition constants of 2-phenylacetaldehyde compounds ..
.............................................................58 
















4.1.7 Naphthol and rhodofix ............................................62 
4.1.7.1 Inhibitory effects of naphthol and rhodofix ..........................63 
4.1.7.2 Inhibitory mechanisms of naphthol and rhodofix .....................64 
4.1.7.3 Determination of inhibition constants of naphthol and rhodofix ..........66 
4.1.7.4 Inhibitory effects of naphthol and rhodofix on the activity of monophenolase . 
 .............................................................68 
4.1.8 Fatty acids .....................................................70 
4.1.8.1 Inhibitory effects of fatty acids ...................................71 
4.1.8.2 Inhibitory mechanisms of fatty acids...............................71 
4.1.8.3 Determination of inhibition constants of fatty acids ...................74 
4.1.8.4 Inhibitory effects of fatty acids on the activity of monophenolase ........76 
4.1.9 Derivatives of cinnamic acid .......................................81 
4.1.9.1 Synthesis of acrylic acid compounds...............................82 
4.1.9.2 Inhibitory effects of derivatives of cinnamic acid .....................90 
4.1.9.3 Inhibitory mechanisms of derivatives of cinnamic acid.................91 
4.1.9.4 Determination of inhibition constants of derivatives of cinnamic acid .....94 
4.1.9.5 Inhibitory effects of derivatives of cinnamic acid on the activity of 
monophenolase.................................................96 
4.1.10 Acetylsalicylic acid, acetyl-4-hydroxybenzoic acid ...................100 
4.1.10.1 Synthesis of acetylsalicylic acid, acetyl-4-hydroxybenzoic acid ........101 
4.1.10.2 Inhibitory effects of acetylsalicylic acid, acetyl-4-hydroxybenzoic acid.....
...........................................................105 
4.1.10.3 Inhibitory mechanisms of acetylsalicylic acid, acetyl-4-hydroxybenzoic acid  
 ...........................................................105 
4.1.10.4 Determination of inhibition constants of acetylsalicylic acid, 
acetyl-4-hydroxybenzoic acid ...................................107 
















4.2.1.1 Inhibitory effects of humectants .................................109 
4.2.2 Fruit acids....................................................110 
4.2.2.1 Inhibitory effects of fruit acids ..................................110 
4.2.2.2 Inhibitory mechanism of glycolate ...............................112 
4.2.2.3 Determination of inhibition constants of glycolate ...................113 
4.2.2.4 Inhibitory effect of glycolate on the activity of monophenolase .........114 
4.2.3 Antiseptic ....................................................115 
4.2.3.1 Inhibitory effects of 4-hydroxybenzoic acid and phenylcarbinol.........116 
4.2.3.2 Inhibitory mechanism of 4-hydroxybenzoic acid and phenylcarbinol.....117 
4.2.3.3 Determination of inhibition constants of phenylcarbinol...............118 
5. Discussion 
5.1 Inhibitory effects of 4-hydroxybenzoic acid esters, derivatives of salicylic acid 
...............................................................119 
5.2 Inhibitory effects of phenylene diamine ...............................120 
5.3 Inhibitory effects of terephthalic acids ................................120 
5.4 Inhibitory effects of furan compounds ................................121 
5.5 Inhibitory effects of 2-phenylacetaldehyde compounds ...................121 
5.6 Inhibitory effects of naphthol and rhodofix ............................122 
5.7 Inhibitory effects of fatty acids......................................122 
5.8 Inhibitory effects of derivatives of cinnamic acid .......................123 
5.9 Inhibitory effects of compounds in cosmetics ..........................123 
6. Results 
6.1 Inhibitory effects of 4-hydroxybenzoic acid esters, derivatives of salicylic acid 
...............................................................124 
6.2Inhibitory effects of derivatives of salicylic acid ........................124 
6.3 Inhibitory effects of phenylene diamine ...............................124 
6.4 Inhibitory effects of terephthalic acids ................................124 
6.5 Inhibitory effects of furan compounds ................................125 















6.7 Inhibitory effects of naphthol and rhodofix ............................126 
6.8 Inhibitory effects of fatty acids......................................127 
6.9 Inhibitory effects of derivatives of cinnamic acid .......................128 
6.10 Inhibitory effects of acetylsalicylic acid , acetyl-4-hydroxybenzoic acid ....128 
6.11 Inhibitory effects of compounds in cosmetics .........................129 
7. References.................................................... 130 
Article .......................................................... 137 






























摘         要 






















































































Tyrosinase (EC. 1. 14. 18. 1), a copper-containing redoxidase enzyme, is widely 
distributed in microorganisms, animals, plants and hunman beings. It is responsible 
for transforming of L-tyrosine to DOPAquinine, which can produce melanin in a 
series steps. The abnormal formation of melanin may bring out serious diseases in 
human beings and browning in fruits and vegetables, so, it’s of great interest to inhibit 
the activity of tyrosinase. 
Screening the mushroom tyrosinase inhibitors and studying their inhibitory 
mechanism have been conducted. In view of the relationship between inhibition 
activity and structure of tyrosinase inhibitors, at the same time, inhibiton effects of 
tyrosinase by the compounds in cosmetics also have been studied. The contents and 
results are as follows: 
The effects of 4-hydroxybenzoic acid methyl ester, 4-hydroxybenzoic acid ethyl 
ester, 4-hydroxybenzoic acid propyl ester, 4-hydroxybenzoic acid butyl ester, salicylic 
acid methyl ester, salicylic acid ethyl ester, 3, 5-dinitrosalicylic acid, 6-sulfosalicylic 
acid, o-phenylene diamine and p-phenylene diamin on tyrosinase were studied, most 
of them can inhibit the activity of tyrosinase more or less, but 6-sulfosalicylic acid and 
o-phenylene diamine can activate the tyrosinase activity. 
The inhibition effects of phthalic acid, isophthalic acid and terephthalic acid on 
mushroom tyrosinase also have been investigated, results showed that phthalic acid 
had no inhibition effect on tyrosinase activity, isophthalic acid had a weaker inhition 
effect than terephthalic acid, the inhibition mechanism of terephthalic acid is 
reversible, and its inhibition type is mixed. 
The inhibition effects of 2-phenylacetaldehyde, 2-phenylacetic acid, 
2-phenylethanol, furfural, furoic acid, 2-furylcarbinol, 1，4-butyrolactone, maleic 
anhydride, 1-naphthol, 2-naphthol, rhodofix, n-octanoic acid, sorbic acid, n-hexylic 
acid, crotonic acid and ethyl acetic acid on mushroom tyrosinase have been 
determined, these compounds all have inhibition effects on tyrosinase activity, and the 















the inhibition effects on monophenolase have been studied as well, results indicate 
that almost all of the compounds have inhibition effects on monophenolase except 
2-phenylacetaldehyde. 
Synthesis of furan acrylic acid , 2-chlorocinnamic acid, 2,4-dichlorocinnamic 
acid, 3,5-dimethoxycinnamic acid, and studying the inhition effects of these 
compounds on the activity of both monophenolase and diphenolase, all of them can 
inhibit the activity of both monophenolase and diphenolase, and the inhibition 
mechanisms are reversible, the inhibition type are noncompetitive. 
Synthesis of acetylsalicylic acidand acetyl-4-hydroxybenzoic acid, and studying 
the inhition effects of these compounds on the activity of diphenolase, them can 
inhibit the activity of tyrosinase, and the inhibition mechanisms are reversible, the 
inhibition type of acetyl-4-hydroxybenzoic acid is mixed type. 
The inhibition effects of some compounds in cosmetics have been researched, 
humectants: 2-ethanediol,  propanediol, glycerol, mannitol, sorbierite, inositol；fruit 
acids: glycolate, lactate, malate, tartrate, citrate, the compounds of humectants nearly 
have no inhibition effects on the activity of tyrosinase, but fruit acids glycolate has 
strong inhibition effect, the other fruit acids have weak inhibition effects, the 
inhibition mechanism of glycolate is reversible, and its inhibition type is mixed. 
The synthesis and inhibitory mechanism of new potential tyrosinase inhibitors 
were done in the study, which provided a foundation to develop high effective 
inhibitors and application in cosmetics. 
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